Six Red Maasai sheep were used to investigate the effects of urea treatment and cotton seed cake supplementation of maize stover on intake, digestibility and rumen fermentation parameters. The basal feeds were Rhodes grass (Chloris gayana) hay (H), untreated maize (Zea mays) stover (US) and treated maize stover (TS), each of which was supplemented with 100 g of cotton seed cake (CSC) to make H+CSC, US+CSC and TS+CSC. These were offered over four feeding periods in a completely randomized block design, with periods serving as blocks. Hay and US treatments had similar intakes, digestibility, ruminal fluid volatile fatty acid (VFA) concentrations and pH. Urea treatment of the stover increased the digestibility of dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fibre (NDF) and cellulose as well as the rumen ammonia nitrogen (AN) concentration. Cotton seed cake supplementation increased DM, OM and CP digestibility in US from 445 to 614 g/kg, 475 to 633 g/kg and 308 to 604 g/kg, respectively and VFA concentration in the rumen from 31 to 196 mmol/L. Supplementation of treated stover, increased the AN concentration (137 vs. 234 mg/l) rumen in the rumen content with no effect on nutrient digestibility and VFA concentration. The pH of the ruminal content for the diets ranged from 6.83 to 7.12. The trends of rumen AN and VFA for supplemented diets showed a gradual rise to a maximum three hours post-feeding, followed by a decrease in their respective concentrations. It was concluded that urea treatment and CSC supplementation of stover increased its utilization but supplementation of treated stover with CSC was not effective.
Introduction
The major constraint to livestock production in sub-Saharan Africa is poor nutrition due to scarcity of feeds (Osuji et al., 1995; Omore et al., 1996; Methu, 1998) . Maize stover, which is available in large quantities, can play a role in filling this gap. However, it is of low nutritive value due to its low digestibility and its failure to provide the rumen microorganisms and the host animal with all the nutrients required (Preston, 1986; Methu, 1998; Undi et al., 2001) . The nutritive value of crop residues such as maize stover, has been increased by alkali treatment and/or nitrogen (N) supplementation (Alayu, 1987; Cronje & Weites, 1990; Oosting, 1993; Preston, 1995; Chandrasekharaiah et al., 1996) . Urea is the preferred alkali for treatment due to its low cost and ease of handling (Kiangi & Kategile, 1981; Sahnoune et al., 1991) and the extra N it supplies increases the crude protein (CP) concentration of crop residues (McDonald et al., 1995) . Supplementation of crop residues with true protein rather than non-protein nitrogen (NPN) is more desirable as it supplies both rumen degradable and non-degradable protein (Oosting, 1993) . Cronje & Weites (1990) supplemented urea sprayed wheat straw with different amounts of cotton seed cake and observed a marked increase in straw intake, feed conversion, average daily gain and wool growth in sheep. Oil seed cakes have a high potential for non-degradable protein due to the effect of heat during processing (Leng, 1999) .
Although several studies reported improved nutritive value of stover due to alkali treatment and protein supplementation, most studies have concentrated on determining intake and digestibility. There is, however, little work done on changes in the ruminal environment. This study compared the utilization of Rhodes grass hay, maize stover and urea treated maize stover by Red Maasai sheep. In addition, the study determined the effect of supplementation of basal feeds with cotton seed cake on intake, digestibility and ruminal fermentation parameters.
Materials and Methods
Six experimental diets consisting of three basal feeds were fed to six one-year old rumen fistulated male Red Maasai sheep (body weight 33.3±3 kg). The three basal feeds were Rhodes grass (Chloris gayana) hay as control (H), untreated maize (Zea mays) stover (US) and urea treated maize stover (TS). Each of the basal feeds was fed alone or supplemented with cotton seed cake (CSC) to make the six diets, viz. H, H+CSC, US, US+CSC, TS and TS+CSC. The animals were placed in metabolism crates to enable collection of ruminal fluid samples and faeces. They were adapted to the crates before the initiation of the experiment.
Maize stover and hay were prepared by chopping them to an average length of 2.5 cm. Urea treatment was carried out by soaking chopped maize stover in a 4% w/v fertilizer grade urea (46% N) solution in a drum until wet. The wet stover was placed on a wire mesh on top of another drum using a hayfork, and allowed to drip for 20 minutes. The stover was then transferred into polythene tubes, which were immediately sealed (airtight) using sisal strings to prevent the escape of ammonia. The treatment continued for a period of 30 days at ambient temperatures after which the tubes were opened and each day's requirements scooped out and aerated (indoors) for 48 hours prior to feeding to allow effusion of ammonia.
The experiment consisted of four, 17-day feeding periods. The experiment was a randomized complete block design with periods as blocks and the six diets as treatments. The animals were randomly allocated to the six diets during each feeding period. Before sampling during each feeding period experimental animals were adapted to their respective basal diet for a period of 14 days.
During the experimental period the sheep were fed the basal feeds on an ad libitum basis. They were fed twice daily, at 08:00 and at 14:00. Mineral blocks were made available ad libitum to each sheep. Water was offered twice daily at 12:00 and 18:00. Cotton seed cake was offered at a rate of 0.1 kg/sheep/day. It was given in two equal portions at 08:00 and 14:00 before offering fresh basal feeds. The animals consumed all the offered supplement.
During the last seven days of each experimental period voluntary dry matter intake was determined by monitoring the amount of feed offered and the refusals on a daily basis. Samples of the treated stover offered, were dried in an oven at 60 °C for DM determination. Apparent digestibility was determined by means of the total collection method. The faeces from each collection bucket were collected twice daily at 08:00 and 17:00, pooled and weighed. A sample of 10% faecal output was dried in an oven at 60 °C for DM determination. Daily samples of feedstuffs offered and faeces were obtained and stored for chemical analysis.
At the end of the four feeding periods, dried samples of the feedstuffs were ground through a 2 mm screen and pooled for each type of feedstuff and each period. Dried samples of faecal material were ground and pooled for each sheep and each period. The pooled samples were then analysed for dry matter (DM), organic matter (OM), CP and ash, following the methods as described by AOAC (1998), and neutral detergent fibre (NDF), hemicellulose, cellulose and lignin according to the methods of Goering &Van Soest (1970) .
During the last two days of each feeding period, approximately 35 mL of ruminal fluid were obtained from each animal at 0, 2, 4 and 6 hours after morning feeding. The samples were strained through four layers of cheesecloth and pH determined using a portable pH meter. Ten mL of each sample were frozen and stored for later determination of concentrations and molar proportions of individual volatile fatty acids (VFA). The remaining 25 mL were acidified with a few drops of concentrated sulphuric acid to give a pH below 3, frozen and stored for later analysis of ammonia-nitrogen (AN) concentration. Concentrations and molar proportions of VFA were determined by gas liquid chromatography (GLC) (Preston, 1995) and AN concentration by steam distillation procedure (ILRI, 1997) .
The model that best described the trends of rumen parameters was fitted to VFA and AN concentration data. The model was: Y i = a + b 1 t i + b 2 t i 2 , where Y i = i th observation at i th time of ruminal sampling, a is the intercept, b 1 and b 2 are parameters describing the trend. The parameters a, b 1 and b 2 together with data for chemical composition of feedstuffs, intake and digestibility were subjected to analysis of variance by the model: Y ijk = µ + period i + diet j + error ijk using Stat View (1986) . Means were separated using least significant differences (LSD).
Results and Discussion
The chemical composition of H, US, and TS are shown in Table 1 . Untreated maize stover contained a higher level of CP and a lower level of lignin than H (P < 0.05), but they were similar in NDF, hemicellulose and cellulose content (P > 0.05). Urea treated maize stover had higher CP and lignin and lower NDF and hemicellulose concentrations then US (P < 0.05). The CP content of CSC was 326 g/kg DM. Table 2 shows the DM intake and digestibility coefficients of DM, OM, CP, NDF, hemicellulose and cellulose for the six diets. The DM intakes did not differ between the diets (P > 0.05). However, intakes of supplemented diets tended to be higher. The DM intake varied from 1.1 to 2.1% of body weight. Undi et al. (2001) reported intakes in the order of 1.5% for stover and 2.5% for supplemented stover. c 51 H -hay; US -untreated maize stover; TS -urea treated maize stover; H+CSC -H plus 0.1 kg cotton seed cake; US+CSC -US plus 0.1 kg cotton seed cake; TS+CSC -TS plus 0.1 kg cotton seed cake s.e.d. -standard error of differences of the means abc Values in row with similar superscripts do not differ (P > 0.05).
The US and H diets had similar DM digestibilities (P > 0.05). Treatment of stover improved (P < 0.05) the DM, OM, CP, NDF and cellulose digestibility of the stover. Alkali treatment is reported to cause swelling of cell walls (which allows greater diffusion of cellulolytic enzymes), disruption of bonds between lignin and cell wall carbohydrates (which increases the availability of the carbohydrate for degradation by rumen microorganisms) and solubilisation of some of hemicellulose and CP (Theander, 1981; Oosting, 1993; Van Soest, 1994) . In addition, urea treatment provides extra N, which increases rumen microbial activity (Van Soest, 1994) and hence increases digestibility (Tuen et al., 1991; Oliveros et al., 1993; Shashi-Saijpaul et al., 1996) .
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Cotton seed cake supplementation improved (P < 0.05) the apparent CP digestibility of the hay and untreated stover, the DM, OM and NDF digestibility of untreated stover, but did not influence the digestibility of the nutrients in treated stover. Digestion of feed by microorganisms in the rumen depends on the availability of N and fermentable organic matter (Ørskov & Grubb, 1978) . It is likely that the digestion of H was firstly limited by availability of fermentable OM due to a high lignin content. Availability of fermentable OM from CSC therefore marginally improved overall OM digestibility (P > 0.05). Oosting (1993) fed sheep on wheat straw (with high lignin content of 75 g/kg) and similarly found that N supplementation did not increase the DM digestibility of the straw (372 vs. 360 g/kg). The higher digestibility of CP for H+CSC compared with H (P < 0.05) was due to the higher digestibility of CP of CSC origin. The higher OM digestibility after supplementation of US with CSC was due to higher CP levels in US coupled with lower lignin level (compared to H). Butterworth & Mosi (1986) and Alayu (1987) also reported increased digestibility of low quality roughages after protein supplementation. This increased digestibility could lead to higher productivity in terms of weight gain and wool growth as observed by Cronje & Weites (1990) when they supplemented wheat straw with cotton seed cake.
The digestibility of nutrient components for TS was not improved by the CSC supplementation (P > 0.05). Rumen microbial activity had probably climaxed from N supplied by TS. It could be assumed that supplementation with CSC resulted in higher supply of N than required by the microbes. Capturing of AN to form new microbial protein requires a synchronized and sufficient energy release. Most likely the extra nitrogen was lost due to insufficient energy. Alayu (1987) reported a similar response to CSC supplementation, when he fed sheep on urea treated wheat straw. Responses to protein supplementation have been shown to depend on level of energy supplied in the diet (Cronje & Weites, 1990) .
The pH values and AN and VFA concentrations of ruminal fluid for the diets are presented in Table  3 . The pH for the diets ranged from 6.83 to 7.12. Van Soest (1994) stated the pH range for optimal microbial activity as 6.2 to 7.2. The pH of the fluid for all the diets, though different (P < 0.05), was within this range and did not fluctuate during the six hour period of monitoring after morning feeding (P > 0.05). bc 39 H-hay; US -untreated maize stover; TS -urea treated maize stover; H+CSC -H plus 0.1 kg cotton seed cake; US+CSC -US plus 0.1 kg cotton seed cake; TS+CSC -TS plus 0.1 kg cotton seed cake s.e.d. -standard error of differences of the means abc Values in row with similar superscripts do not differ (P > 0.05).
The AN concentrations in ruminal fluid for all but the H diet were within the range of 40 to 250 mg/L, which was reported by Erdman et al. (1986) to be optimal for digestion depending on the potential digestibility of feed. Ruminal fluid AN concentration depends on quantity and degradability of N in ingested feed, the rate of incorporation of AN into microbial protein and rates of passage and absorption of AN from the rumen (Streeter & Horn, 1984; Oosting, 1993) . The lower ruminal fluid AN concentration for H was probably due to its lower CP content and high lignin content (Table 1) . Some of the N was probably ligninbound and therefore unavailable to microorganisms.
Treatment of maize stover with urea increased (P < 0.05) the AN concentration in rumen fluid and can be attributed to its increased N content (Table 1 ) and availability. This observation agrees with those of Tuen et al. (1991) , Oosting (1993) and Manyuchi et al. (1994) . The increase in AN concentration in ruminal fluid after urea treatment in the present study can be associated with increased digestibility of the treated stover (Table 2) .
Cotton seed cake supplementation increased (P < 0.05) AN concentration for H from 9 to 69 mg/L because of increased rate of N release from CSC. The AN concentration after CSC supplementation increased (P < 0.05) for TS but not for US, probably due to inadequate ruminal AN production in relation to
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The parameter estimates and trends of ruminal fluid AN concentrations for the six experimental diets during the first six hours after feeding are presented in Table 4 and Figure 1 . The AN concentration for TS treatment increased up to four hours post feeding and then declined while those for H and US either remained unaltered or decreased with time during the first six hours after morning feeding. The increase in AN concentration in the TS diet was likely due to its higher content and faster release of N. It is possible that the AN from H and US treatments was released and utilized at a slower rate. Normally cell wall carbohydrates (hemicellulose and cellulose) become increasingly available 4-6 hours after feeding (Van Soest, 1994) , and this may explain the eventual decline in AN concentration for TS due to its increased incorporation by microorganisms. The AN levels in the ruminal fluid from the diets containing CSC (H+CSC, US+CSC and TS+CSC) initially increased and then declined (Figure1). Supplementing TS with CSC increased (P < 0.05) AN concentrations compared to the effect on H and US (Table 4) . Similar trends of AN concentration were reported by Oosting (1993) when he fed sheep on wheat straw supplemented with potato protein. The AN concentration for TS+CSC treatment increased up to around three hours post feeding and then declined sharply up to six hours post feeding (Figure1 and Table 4 ). A rapid increase of AN concentration is evidence of rapid production with inadequate use. Compensatory absorption through the rumen wall restores the equilibrium. Absorption of ammonia from the rumen increases with increasing ammonia concentration gradient between rumen and rumen wall cells (Oosting, 1993) .
The molar proportions of acetate, propionate, butyrate, isobutyrate, valerate and isovalerate acids in ruminal fluid did not differ between diets (P > 0.05). The molar proportions for acetate, propionate and butyrate varied from 47.8 to 56.4%, 12.5 to 18.9% and 9.7 to 13.5%, respectively. The fluid VFA concentrations in the fluid from the H, TS, H+CSC, and TS+CSC diets (Table 3) were within the normal range of 70-150 mmol/L (McDonald et al., 1995) . The VFA concentration of US was below while that of US+CSC above this range. The concentration of VFA is regulated by production, absorption across the rumen wall and utilization by rumen microorganisms (Van Soest, 1994) . Production of VFA depends on the availability of fermentable OM in the feed (Oosting, 1993) . Organic matter digestibility for US (475 g/kg) was similar to that for H (488 g/kg) whose VFA concentration in the ruminal fluid was within the normal range. Organic matter digestibility for US+CSC (614 g/kg) was similar to that of TS+CSC (668 g/kg) whose VFA concentration was also within the normal range. It is, therefore, difficult to explain from the experiment why VFA concentrations for US and US+CSC were respectively lower and higher than those normally observed. It could probably be due to variations in other parameters that determine VFA concentration like rumen fluid volume and rate of absorption. These parameters were not measured in the current study. .73 H-hay; US -untreated maize stover; TS -urea treated maize stover; H+CSC -H plus 0.1 kg cotton seed cake; US+CSC -US plus 0.1 kg cotton seed cake; TS+CSC -TS plus 0.1 kg cotton seed cake a -intercept; b 1 and b 2 -parameters describing the trend abcdef Values in row with similar superscripts do not differ (P > 0.05) Urea treatment of maize stover caused a moderate increase (P > 0.05) in VFA concentration in the ruminal fluid, despite a significant increase in OM digestibility ( Table 2 ). The VFA concentration in the US treatment increased (P < 0.05) with CSC supplementation and was related to an increase in OM digestibility. Increased VFA concentration indicates increased microbial activity (Oosting, 1993) that is associated with increased utilization of AN. However, a non-significant increase in AN concentration in the ruminal fluid was observed after US supplementation with CSC (Table 3) . and TS treatments decreased with time after feeding. However, the parameters describing the trends were similar (P > 0.05; Table 4 ). Poor quality roughages normally take longer before significant degradation takes place. The concentration of VFA for the supplemented diets increased up to three hours post-feeding and then declined. The trend for all diets except US+CSC tended to be similar (Table 4) .
The molar proportions of acetate, propionate, butyrate, isobutyrate, valerate and isovalerate acids in the ruminal fluid did not differ between diets (P > 0.05). The molar proportions for acetate, propionate and butyrate varied from 47.8 to 56.4%, 12.5 to 18.9% and 9.7 to 13.5%, respectively.
Conclusion
Urea treatment of maize stover increased CP and lowered NDF content, and increased the DM, OM, and CP digestibility. This coupled with the slight increase in intake would lead to improved utilization of the stover. Supplementation of stover with cotton seed cake improved dry matter intake, OM and CP digestibility with a resultant increase in VFA production, all indicative of better utilization. Inclusion of cotton seed cake in urea treated maize stover had no effect on intake and nutrient digestibility and resulted in a large increase in AN in the ruminal fluid, an indication of inefficient utilization of nitrogen or excess degradable nitrogen in the rumen. Treatment of maize stover with urea or supplementation with cotton seed cake led to improved utilization while it was not necessary to supplement urea treated maize stover with a protein source like cotton seed cake, unless accompanied with a readily fermentable energy source.
